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Motivation: Mechanistic PV Performance and Degradation Modeling

Mechanistic understanding of photovoltaic 

array performance can decrease the Levelized 

Cost of Photovoltaic Energy via:

Decreased Operation/Maintenance Costs

Increased Energy Production

Reduced Degradation

in the industrial and R&D sectors.
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I - initial cost

O - operational cost

M - maintenance cost

F - interest expenditure 

S - energy production

r - inflation and uncertainty

(1-d) - degradation term



Analytic ISC-VOC and Power Loss Modes



Field I-V Data

PV systems at all scales produce large amounts of time-series data. 

òSmartó inverters or microinverters measure I-V curves on the string or module level.

Parameterizing I-V curves and looking at long-term trends improves understanding of 
system performance, but:

values are not directly comparable
changes in these quantities are not necessarily proportional to power loss

4



Laboratory-Based Suns-VOC

Suns-VOC / I SC-VOC

from I-V at varying light intensities

used to calculate pseudo I-V curve

Pseudo I-V curve

òidealó I-V

without series resistance or current 

mismatch

gain insight about degradation
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Real I-V

Pseudo I-V

Isc-Voc



Mining ISC-VOC from Field Data

Time-series data is divided into analysis 

periods

Sufficiently long to collect enough low 

irradiance data to build ISC-VOC

But short enough to ensure pseudo-

stability of the module

To evaluate trends in power loss modes
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Outdoor ISC-VOC Curve Construction7



Outdoor ISC-VOC Curve Construction8

King, David L., Jay A. Kratochvil, and Boyson, William E. Photovoltaic 

array performance model. Sandia National Laboratories, 2004.



Outdoor ISC-VOC Curve Construction9



VOC temperature correction results10

Mini-module method validation Full-size module temp correction



Quantifying power loss mechanisms from ISC-VOC11



ISC-VOC Mechanistic Power Loss Calculation

In each analysis period:

I-V features are modeled
ISC-VOC is constructed
and parameterized

to create the sub-I-V curves for 
mechanistic power loss calculation
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ISC-VOC Mechanistic Power Loss Calculation13


